Renal hemodynamics in uranyl acetate-induced acute renal failure of rabbits. The role of renal hemodynamic alterations in the curtailment of renal function was studied in rabbits with uranyl acetateinduced acute renal failure. The day following the iv, injection of uranyl acetate (2 mg/kg of body wt), renal blood flow (RBF) and clearance of creatinine (Cr) decreased to approximately 60 and 20% of controls, respectively. Intracortical fractional flow distribution, estimated by radioactive microsphere method, did not change. The extraction ratio of para-aminohippurate (Er.AH) decreased and the renal extraction of sodium (C/C0r) increased, with minimal structural change in the kideny. Urine output increased to two to three times that of the control. After three days oliguria appeared despite complete recovery of RBF. The zonal flow redistributed toward the deep cortex. Ccr and EpAil reached their minimums, concomitantly with tubular necrosis and intratubular casts. After seven days animals could be divided into the oliguric and diuretic groups. C0. and EPAH were higher in the diuretic group, while there was no significant difference in RBF and the flow distribution between groups. Regeneration of damaged tubular cells was found in the diuretic group but not in the oliguric group. The findings suggest the minor roles of RBF and the intracortical flow distribution, and a fundamental role of back leakage of filtrate across damaged tubular epithelium in the maintenance of reduced C0r and urine output during the oliguric stage in rabbits with uranyl acetate-induced renal failure. Some investigators [1] [2] [3] [4] [5] [6] have suggested that increased renal vascular resistance and reduced cortical blood flow play an important role in the development of acute renal failure. However, most of these observations are based on studies of the initial phase of renal failure. Less information is available concerning renal hemodynamic and functional alterations during the recovery phase of renal failure, especially in nephrotoxic models. The previous study from this laboratory [17] demonstrated that in uninephrectomized rabbits oliguria produced by two hours' clamping of the renal artery persisted even after complete recovery of renal blood flow.
oliguric and diuretic groups. C0. and EPAH were higher in the diuretic group, while there was no significant difference in RBF and the flow distribution between groups. Regeneration of damaged tubular cells was found in the diuretic group but not in the oliguric group. The findings suggest the minor roles of RBF and the intracortical flow distribution, and a fundamental role of back leakage of filtrate across damaged tubular epithelium in the maintenance of reduced C0r and urine output during the oliguric stage in rabbits with uranyl acetate-induced renal failure. The mechanisms involved in the pathogenesis of acute renal failure remain unsettled. Mechanisms which have been proposed to account for the development of oliguria in renal failure include: I) reduction of glomerular filtration due to cortical and gbmerular hemodynamic changes [1] [2] [3] [4] [5] [6] [7] or reduced glomerular permeability [8] [9] [10] , 2) back-diffusion of filtrate across damaged tubular epithelium [9] [10] [11] [12] [13] , and 3) tubular blockage by casts [14] [15] [16] .
Some investigators [1] [2] [3] [4] [5] [6] have suggested that increased renal vascular resistance and reduced cortical blood flow play an important role in the development of acute renal failure. However, most of these observations are based on studies of the initial phase of renal failure. Less information is available concerning renal hemodynamic and functional alterations during the recovery phase of renal failure, especially in nephrotoxic models. The previous study from this laboratory [17] demonstrated that in uninephrectomized rabbits oliguria produced by two hours' clamping of the renal artery persisted even after complete recovery of renal blood flow.
In the present experiments, alterations in renal hemodynamics and function were estimated during the recovery phase, as well as the initial phase in uranyl acetate-induced oliguric renal failure in rabbits, in order to reevaluate the role of hemodynamic changes in the development of renal functional failure. The results suggest I) the minor roles of renal blood flow and intracortical flow distribution, and a fundamental role of back-leakage across damaged tubular epithelium in the depressed creatinine clearance and persistent oliguria during the oliguric period, 2) early recovery of renal blood flow as compared to the other estimated functions.
Methods
Studies were performed on 152 white rabbits, weighing approximately 3 kg and allowed free access to commercial rabbit chow and drinking water.
Acute renal failure was induced in 129 animals by the iv. injection of uranyl acetate (2 mg/kg of body wt). The other 23 rabbits were used as normal controls. The experiment consisted of renal clearance and hemodynamic studies, eialuation of urine concentrating ability, and histological examinations of the kidney tissues. During clearance and hemodynamic studies, isotonic saline solution was intravenously infused at a constant rate (1.2 mI/mm) to replace loss of body fluid. Standard statistical analysis was used and all data are presented as the mean
Clearance studies. Immediately before beginning the experiment, serum creatinine, sodium and potassium concentrations were determined using techniques described later. In the animals anesthetized intravenously with sodium pentobarbital (25 to 30 mg/kg of body wt) and supplemented as needed, the left kidney area was exposed through a midabdominal incision and the left renal artery cleared of all surrounding tissues. After stabilization of blood pressure and flow, pressure-flow measurements and clearance studies were performed.
Left renal blood flow was measured using a square wave electromagnetic flowmeter (ME-5, Nihon Koden Co., Japan). A suitable flow transducer (1 .5 mm ID., MF-2T, Nihon Koden Co.) was placed on the renal artery. Baseline was determined by brief occlusion of the artery distal to the flow probe at the start and end of the experiment. The flow probe mounted on the isolated renal artery was calibrated in a bath filled with isotonic saline solution, using whole blood of the rabbit. Abdominal aortic pressure was measured just below the origin of the left renal artery with a Statham pressure transducer (P23AA) connected to a catheter inserted into the abdominal aorta through the right femoral artery. All transducers were connected to appropriate amplifiers in a penwriting recorder (Wl-180M, Nihon Koden Co.).
The creatinine clearance rate (Ccr), when measurable, was estimated. There was good agreement between the value of creatinine clearance and that of sim ultaneously performed '4C-inulin clearance (Ccr/Cin = 1.00 0.016) except for a discrepancy between both clearance rates during the oliguric stage (Ccr/Cin = 0.67). For determination of extraction ratios of para-aminohippurate (EpAII), suitable plasma concentration of the chemical (2 to 4 mg/100 ml) was maintained by infusion in isotonic saline solution at a constant rate through a marginal ear vein. At the conclusion of clearance studies, arterial and renal venous blood samples were withdrawn with syringes. Creatinine and PAH concentrations in blood and urine samples were measured by standard chemical methods [18, 19] .
Sodium and potassium concentrations in serum and urine samples were measured by flame photometry. Also, ratios of the sodium clearance rate to the creatinine clearance rate were calculated from the data obtained.
The values of blood flow and pressure and clearances were expressed as the mean during one 30-rn in clearance period. Heinodynamic studies. Abdominal aortic pressure and left renal blood flow were measured in anesthetized normal and renal failure animals, using the same procedures and technique as described above.
Zonal blood flow distribution in the renal cortex was estimated by means of 85Sr-labelled microsphere technique, described by McNay and Abe [20] . After a catheter was introduced into the root of the aorta via the right common carotid artery, and blood pressure and flow were stabilized, a holus of approximately 20iCi of the microspheres (3M Co., St Paul) with a diameter of 15 5z was injected through the catheter, followed by a heparinized saline flush. At the conclusion of the experiment both kidneys were removed, weighed, measured in three dimensions; and middle triangular renal tissue blocks, containing the cortex and medulla, were quick-frozen in a dry iceacetone mixture. Cortex thickness was measured.
While still frozen, the cortex was separated from the medulla with a razor blade and divided into four equal zones, which will be called zones C-I through C-4, extending from outer to inner (deep) cortex, respectively. Each cortical tissue slice was weighed, and its radioactivity was counted in a well scintillation counter. Also, radioactivities of medullary tissues and renal venous blood were measured. More than 96% of microspheres, which entered the kidney, were trapped in glomerular capillaries, with the remainder in the medulla and renal venous blood. Radioactivity in the medullary tissue increased from the control value of 1.7 0.57 to 3.2 + 0.72 and 2.8 1 .05% three and five days after injection of uranyl acetate, respectively. This increase in radioactivity was below statistical significance. McNay and Abe's study [20] suggests that axial migration of microspheres does not occur in the interlobular arteries. Therefore, the quantity of the nuclides per unit of tissue weight in each cortical zone is a function of regional glomerular capillary flow. The percent of total blood flow perfusing each cortical zone was calculated as follows:
where Ci is the radioactivity per unit of tissue weight in each cortical zone and Wi is the total weight of the zone. The weight of each cortical zone was approximated by calculations based on the formula for an ellipsoid [20] . A series of volumes were calculated by sequential reductions in each hemiaxis by an amount equal to one-fourth of the cortex thickness. Absolute perfusion rate of blood flow in cortical zones was calculated on the basis of total blood flow and zonal percent flow on the left kidney.
Urine to plasma osmolality ratios and renal tissue fluid osmolality. Determinations of urine to plasma osmolality ratios [(U/P)Osrn] and renal tissue fluid osmolality were performed after 46 hr of deprivation of drinking water.
Several hours prior to blood and urine collections, the bladder was voided by compression of the abdominal wall. Osmolal concentration of plasma and urine, drawn from the fernoral artery and bladder, was measured using a Fiske osmometer. After completion of blood and urine collections, the left kidney was removed, sectioned, and a middle triangular block, containing the cortex and medulla, was frozen in a mixture of dry ice and acetone as soon as possible. While still frozen, the kidney block was cut with a razor blade into six slices, perpendicular to the longitudinal axis to the papilla: outer and inner cortex, outer medulla, and outer layer, middle layer, and papilla tip of the inner medulla. The tissue slice analysis was performed with the same technique as previously described [21, 22] . The tissue slices were weighed on a Mettler analytical balance and placed in 20-mi Erlenmeyer flasks with 2 ml of distilled water.
The flasks with the slices were weighed and then heated to boiling for 5 mm in a water bath. After cooling, distilled water was added to the flasks to the same weight as before boiling. The flasks were closed and kept in a refrigerator of 6°C for 24 hr for diffusion to take place. The supernatant was analyzed for sodium, potassium, and urea. Sodium and potassium concentrations were measured by means of a flame photometer. Urea concentration was measured by means of the Conway microdiffusion method [23] . Concentration in renal tissue water was calculated from wet and dry weights of the slices. The osmoial concentration per unit weight of tissue water was estimated as the sum of the urea concentration and two times the sum of sodium and potassium concentrations, though this estimation might be a slight overestimate.
Histological examinations. For light microscopic observations, the kidney tissue block was fixed in 10% neutral buffered formalin solution, dehydrated in graded alcohols and then embedded in paraffin. The block was cut at three to four micra and stained using hematoxylin and eosin, periodic acid-Schiff and Mallory Azan staining.
For observations with electron microscopy, the tissues were prefixed in 3% glutaraldehyde solution buffered with 0.2 M cacodyiate, and postosmicated in 0.1% buffered osmium tetraoxide solution. The specimens were dehydrated with graded concentrations of ethanol, and then embedded in Epon. Ultrathin sections were made by a Porter Blum II Ultramicrotome, and stained in lead nitrate and uranyl acetate.
Results
General. The i.v. injection of uranyl acetate (2 mg/kg of body wt) gave rise to oliguric acute renal failure in rabbits (Table 1) . Urine output increased from the control value of 0.063 + 0.011 to 0.220 0.030 mi/mm the day following injection (P < 0.01), and then decreased markedly for more than four days. Serum creatinine and potassium concentrations were significantly elevated during the oliguric stage (P < 0.01) while sodium concentration did not alter. Seven days after the injection, the animals could be divided into two groups according to their urine output and laboratory observations. Group 1 was still oliguric (0.0 + 0.0 mi/mm) with elevated serum creatinine (14.21 + 0.61 mg/100 ml) and potassium (5.4 0.5 mEq/liter) concentrations. In contrast, group 2 was diuretic (0.223 + 0.048 mI/mm) and appeared to be recovering on the basis of laboratory data (serum creatinine: 7.32 0.75 mg/l00 ml, potassium: 3.4 + 0.3 rnEq/liter). With progressively increased urine output, serum creatinine and potassium concentrations returned toward the control levels.
Clearance studies. Clearance studies were performed on the left kidney in 52 rabbits. In these animals the control values of mean arterial pressure, left renal blood flow, EPAH and Cr averaged 93 3.9 mm Hg, 39.3 2.6 mi/rn in, 78.9 + 3.5% and 3.82 0.27 mI/rn in, respectively. The values of these parameters following administration of uranyl acetate are summarized in Table 1 . Following the injection mean arterial pressure did not significantly change. Total renal blood flow decreased to 26.5 + 3.9 mI/mm the day following injection (P < 0.01), and then was maintained at or above the control level throughout the observation periods. Ccr and EPAH were also depressed (P < 0.01). Seven days after the injection, and EPAH were high in the diuretic group 2 as compared to the oiiguric group 1 (P < 0.01), while there was no significant difference in renal blood flow between groups. These parameters began to increase the day following the injection (P < 0.01), returned to 2.1 + 1.03% at the beginning of the fourth week. In animals receiving saline infusion, the control value of mean arterial pressure averaged 103 + 2.9 mm Hg (Table 2 ). After injection of uranyl acetate, arterial pressure did not significantly change. Left renal blood flow fell from the control value of 11.7 + 0.68 to 6.5 + 0.70 mI/mm. kg of body wt the day following the injection (P < 0,01), and then was maintained at or above the control level throughout the observation periods ( Table 2) .
The control value of absolute zonal perfusion rate was 4.85 + 0.80, 3.61 0.28, 2.28 0.27 and 0.96 0.25 ml/min.kg of body wt in cortical zones C-l through C-4, respectively ( Table 2 ). The day following the injection, the fall in renal blood flow of 56% was concomitant with a decrease in zonal perfusion rate in all four cortical zones. During the oliguric period the perfusion rate in the zone C-I decreased. However, this decrease in the perfusion rate, presented as ml/min'kg of body wt, did not reach the level of statistical significance. In contrast, there was found a significant decrease of blood flow in C-l when the perfusion rate was presented as mI/rn in' 100 g of kidney wt (P < 0.01) ( Table 3) . On the other hand, the left kidney weight increased from the control value of 12.3 0.36 to 15.3 0.41 and 17.7 1 .33 g three and five days after the injection, respectively (P < 0.01) (Table 3) . Thus, the apparently reduced perfusion rate in C-I, presented as mI/rn in 100 g of kidney wt, might be attributed to increased kidney weight. In the deep cortex (C-4), the perfusion rate increased during the oliguric stage (P < 0.01 and <0.05) (Tables 2 and 3 ). Seven days after the injection, there was no significant difference in the perfusion rate in the outer cortex (C-I) between groups 1 and 2, whereas the perfusion rate in C-3 and "P <0.01. C-4 was higher in group 1 than in group 2 (P < 0.05) 2.2% in C-l through C-4, respectively (Table 4) . This (Tables 2 and 3). fractional flow distribution remained unchanged the In the control animals the percent of total blood day following the injection. On the contrary, during flow perfusing cortical zones in both kidneys averthe oliguric stage the percent of total flow supplied to aged 39.7 + 4.4, 30.8 ± 0.6, 20.1 + 2.1 and 9.5 + the outer cortex (C-i) decreased with reciprocal in- crease in the deep cortex (P < 0.05). Seven days after the injection of uranyl acetate, no difference was found when the oliguric and diuretic animals were compared, yet there were differences in comparison with control values. The fractional flow distribution returned to the control state by the end of the second week.
In animals not receiving saline infusion, the control values of the fractional flow in cortical zones of both kidneys averaged 49.3 4.1 for C-i, 29.3 1.9 for C-2, 15.9 + 1.8 for C-3 and 5.6 1.9% for C-4. Although there was a tendency for the fractional flow to be slightly high in the outer cortex and low in the deep cortex as compared to animals receiving saline infusion, these differences were all below statistical significance. The fractional flow distribution did not significantly change the day following injection of uranyl acetate. Three and five days after the injection, the fractional flow decreased to 31.8 2.0 and 33.8 3.3% in C-l, increased to 24.6 + 1.4 and 23.4 2.1% in C-3, and increased to 10.9 1.7 and 11.5 2.0% in C-4, respectively (P < 0.01 and <0.05). After seven days the fractional flow in the oliguric and diuretic animals was 29.2 + 2.2 and 29.6 2.4% for C-i, 36.1 + 3.1 and 32.6 0.5% for C-2, 26.1 + 2.8 and 25.8
1.5% for C-3, and 8.9 1.2 and 12.0 1.5% for C-4, respectively. There was no significant difference in the flow distribution between the oliguric and diuretic In the hydropenic state of the control animals, Histological examinations. Thirty kidneys, in which urine concentrating ability was evaluated, were used for histological examinations.
Light microscopic observations revealed that on the day following the injection some renal tubules were vacuolated but the tubules were free of necrosis.
Three days after the injection, moderate edema was found in the cortex with dilated veins. Tubular necrosis and intratubular casts were also observed in the cortex and medulla. Tubular necrosis was most prominent in the specimens obtained on the sixth day. Seven days after the injection, tubular necrosis was still prominent in the oliguric group 1, whereas more pronounced regeneration of tubular cells was found in the diuretic group 2. At the end of the second week, in all animals damaged tubular cells were completely replaced by regenerated cells with patchy cortical fibrosis. Medullary interstitial tissue did not increase.
On the other hand, light and electron microscopic examinations did not reveal any remarkable changes in the glomeruli throughout the observation periods. The foot process showed no morphological alterations. Thickening and rupture of the glomerular basement membrane were not detected. Glomerular capillaries were patent and free of endothelial swelling or thrombi.
Discussion
Acute renal failure induced by i.v. injection of uranyl acetate (2 mg/kg of body wt) in the rabbit was characterized by progressively falling urine output, rising serum creatinine and potassium concentrations, diminished creatinine clearance rate and extraction ratios of para-aminohippurate, reduced urine osmolality, depleted cortico-medullary osmolal gradient and altered intrarenal hemodynamics. 011-guria was usually preceded by transient polyuria and followed by persistent diuresis. With progressive improvement of the tubular damage and increased urine output, the above-described changes showed good recovery in the following order: total renal blood flow, intracortical flow distribution, urine concentrating ability and creatinine clearance, and extraction ratios of PAH.
The day following injection of uranyl acetate, the structural change in the tubules was minimal. Urine output increased to two to three times that of the control, despite severe reduction of creatinine clearance rate. At that time an increase in CNa/CCr ratios and a reduction in extraction ratios of PAH were also observed. Thus, increased urine output may have resulted from depressed tubular reabsorption. Blood pressure did not significantly alter while total renal blood flow dropped to 56 to 67% of the control value, with resultant increased renal vascular resistance. There was found no alteration in intracortical flow distribution. On the other hand, creatinine clearance rate decreased to approximately 20% of the control value (Table 1) . Since even well maintained renal blood flow at the initial stage of nephrotoxic renal failure fails to prevent the fall in glomerular filtration or the ultimate development of severe functional disturbances in the dog [24] , it is unlikely that this elevated vascular resistance would play an important role in severely curtailed creatinine clearance and the subsequent functional impairment. The disproportionate depression in creatinine clearance might have been caused by reduced total glomerular permeability [8] [9] [10] and/or increased tubular permeability [9, 10] , though in the present experiments light and electron microscopic examinations did not reveal significant changes in the glomerular capillary wall and tubular epithelium on the day following the injection.
Three days after injection of uranyl acetate, urine output reached its minimum. At this oliguric stage total renal blood flow was not significantly different from the control value, a finding which supports the previous results obtained in uranyl nitrate-induced renal failure in the dog [10] . Renal vascular resistance did not appreciably change. The findings suggest that total blood flow per se is not a determinant factor responsible for oliguria at this stage. In contrast with the present finding, Flamenbaum et al [5] demonstrated 50% reduction in renal blood flow throughout 24 to 96 hr after uranyl nitrate administration in unanesthetized dogs, utilizing the '33Xenon washout technique. However, the washout technique does not measure blood flow per se but flow per volume [25] . Also, the present experiments showed an increase in the kidney weight at the oliguric stage, due to increased tissue water content. Therefore, the index, estimated by the washout method, may not necessarily change in parallel fashion with alterations in total blood flow. Furthermore, the effect of these nephrotoxic chemicals on the partition coefficient of Xenon has not been evaluated. Therefore, the apparent difference in these data may be partly dependent on the method of measuring blood flow. During the oliguric stage the zonal flow redistributed toward the inner cortex. The mechanisms responsible for this flow redistribution are not clear. Seven days after the injection, fractional flow redistribution toward the inner cortex was still observed. No difference was found in the fractional flow distribution when the oliguric and diuretic groups were compared, yet there were still differences in comparison with control values. Absolute perfusion rate in the deep cortex (C-3 and 4) was high in the oliguric group as compared to the diuretic group, whereas the perfusion rate in the outer cortex (C-i) was not significantly different between groups. This difference in the perfusion rate in the deep cortex might be based on higher renal blood flow in the oliguric group. The cause of higher blood flow remains unsettled. A decrease (2-3%) of hematocrit of arterial blood, seen after 30 mm of saline the rat with glycerol-induced renal failure, using a '33Xenon washout technique and 5Krypton autoradiography, that cortical blood flow fraction is well improved with recovery of azotemia seven days after the injection. The apparent difference between their data and the experiments reported here may be dependent on the technique of measuring blood flow and the model of renal failure.
During the ohiguric stage creatinine clearance was tremendously reduced in the face of well maintained total renal blood flow. The curtailment of creatinine clearance was more severe than that of inulin clearance. Histological observations revealed marked tubular necrosis and intratubular casts. At this stage creatinine clearance seems not to be a reliable index of glomerular filtration rate because of the possibility of backflow of filtrate across damaged tubular epithehum. It is, however, probable that at this stage gbmerular filtration was depressed, since creatinine clearance rate was not restored to the control value even at the end of the second week when the tubular epithelium was completely repaired and intratubular casts had disappeared. Blantz [9] and Stein et al [10] demonstrated a modest decrease in nephron GFR and greater reduction of total kidney GFR in the rat and dog with uranyl nitrate-induced renal failure.
The following multiple mechanisms might be proposed to account for the disproportionately depressed creatinine clearance at the oliguric stage: 1) preglomerular vasoconstriction balanced by opposite a!-teration in the postglomerular vascular tone [2, 5, 6] , 2) the zonal flow redistribution toward the inner cortex [3] , 3) decreased total glomerular permeability [8-101, 4) back-leakage of filtrate across damaged tubular epithelium [9] [10] [11] [12] [13] , and 5) tubular blockage due to casts [14] [15] [16] . Direct evidences for preglomerular vasoconstriction balanced by postglomerular vasodilation have not been obtained in acute renal failure. Micropuncture studies [7] have demonstrated increases in both afferent and efferent arteriolar resistances in rats with postischemic renal failure. Also, morphological examinations have revealed both afferent and efferent vasoconstriction in the kidney of rats with myohemoglobinuric renal failure [26] . Thus, it is unlikely that afferent arteriolar constriction balanced by efferent arteriolar dilation is the main cause of the well maintained renal blood flow and the concurrent depression in glomerular perfusion pressure, which is severe enough to induce the reduction in creatinine clearance in acute renal failure. Depressed creatinine clearance cannot also be explained by the intracortical flow redistribution, as the flow distribution was not appreciably different between the oliguric and diuretic groups despite higher creatinine clearance rate in the diuretic group.
On the other hand, a contribution of reduced gbmerular permeability to severely depressed creatinine clearance cannot be excluded, though histological observations have demonstrated minimal change in the gbomerular capillary wall. Recent studies [9] [10] [11] [12] suggest participations of passive back-diffusion of filtrate in the maintenance of oliguria in nephrotoxic acute renal failure. In the present experiments, marked tubular necrosis was observed at the oliguric stage. Seven days after injection of uranyl acetate, these histological changes were improved in the diuretic group 2 but not in the oliguric group I. Creatinine clearance rate and extraction ratios of PAH were also high in the former as compared to the latter. A smaller dose (0.5 mg/kg) of uranyl acetate produced non-oliguric renal failure in rabbits (unpublished data). Creatinine and inulin clearances were higher in the non-oliguric models than in the oliguric models, while there was no significant difference in renal blood flow and the cortical zonal perfusion rate between models. In contrast with the oliguric renal failure animals, tubular necrosis was scarcely found in the non-oliguric animals. These findings also support the speculation that passive backflow of filtrate contributes to the maintenance of the depressed creatinine clearance and oliguria. If uranyl acetate increases tubular permeability, the discrepancy between creatinine and inulin clearances, seen during the oliguric stage, can be explained by the diffusion coefficient of creatinine exceeding that of inulin [27] . Tubular obstruction due to casts may lead to a reduction of glomerular filtration by elevating tubular pressure with a resultant reduced hydrostatic pressure gradient across the glomerular capillary wall and/or by a preglomerular vasoconstrictive response to the blockage [16] . In the present experiment, renal blood flow was maintained at or above the control value despite prominent intratubular casts at the ohguric stage. Therefore, it is unlikely that intratubular casts would cause the preglomerular vasoconstriction via the tubular obstruction in this model.
Urine concentrating defect developed after injection of uranyl acetate. The cortico-medullary osmolal gradient was completely depleted, concomitantly with a decrease in (U/P)Osm. Reduced medullary osmolality might have resulted from depressed tubular reabsorption, due to tubular damage and probably curtailed glomerular filtration, in the face of well maintained medullary blood flow. On the other hand, cortical osmolal concentration increased slightly, chiefly due to an increment in urea concentration. Also, blood urea concentration increased markedly during the oliguric stage [17] . Therefore, increased cortical osmolality might be attributed to elevated blood urea concentration. The urine concentrating defect recovered completely by the end of the 3rd week, with progressive improvement of tubular damage.
